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Core of Galaxy NGC 426l

Hubble Space Telescope

Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

380 Arc Seconds 17 Arc Seconds -
88,000 LIGHTYEARS 400 LIGHTYEARS
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What can 11m1t the A

F

gray.
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IfP =F then thisis thf{

rad grav
maximum //
luminesity the AGN /:/é 1ave hetore
shutting ot the mﬂ Jr mabreramna

1S /

L= 4:7TGMm / 3x10% (M/M_ L

////
Lrlrl_mer L i
ISt (ﬁﬂy ,rug\ OIS PHEKICE '| E-CC"”"

///

/////
What can limit the AG/
Luminesity? coi i
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Superluminal Motion
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Superluminal Metien

The knots are moving y

Position of koot at r=D towards us at an angle P ////
measured from the line /of/

Sight. / /
i
A photon emitied alonErbie
line of sight ab Himer =0y
travels a dista(f)/ d to us,
Telielinic) el jciz/ne/ >, to arrive:

Knot travels v,

v, cosp

...... Position of koot at 1 =1,

Distance «f to Earth

Photon 2

noton is eraittecd at
' e wren tne oloy
Photon L cligteinice c — vt cos o
yeny froen ug, Thg second gnotorn
To Earth . | 4
geiyes et o= t-r (c - vt cosg)/c

///'
. 2 ./ . r ’) . r 7 . oy e
iEaeNdodayedldifiarance fo tre Time of siectyval from ghoton 1 & 2 is:
Aty = t,- t, = At(1 - voosd/e)l< AL

Y




Superluminal Metion

The apparent transverse velocity is
V_ =vT_ sin(¢)/ At

Y v sin (¢)/(1-vcos(¢p)/e) let p=vic
= pesin(¢)/[1-pcos(dp))




v
y
Superluminal Motion cont: ?//

)

Let y = 1/(1- v¥/c?)*2, this is the Lorentz: fa@' e

Vapp < yV ([N€ MaXimuin O0NServVed VElO@Ivy)  WiIllE! ISS

towards the line of sight. 7 ///

This light will be beame 1C|_ DrIGIEHEES
y
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To a stationary observer, the ° clocks
appear to run slow: by a factor of:

At = At (1 — vcosg/c) /

At = At y (1 — veosqg/c) // /

So the observed frequency of ﬂ aler lioflen
s =Vely (1 - VCOqu/C)]1

When y>>1, all th /J_g
INto a Narrow: cdne
and Compres,séd

Thus the hg]{f/ il e)e o)

7
This ﬁ/
the Jle




Quas

*» With good telescopgs/
quasar light can be
revealed 0
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s 1€ Jiasi It CeNTErST:
e s
ﬂ { / ,/ / S are AGINA(EVen ClaesViniey
~(L000) rnore ritiierols ot Z~3

aaan are m )
s ////
shgotitaegmignt ige oelleiay foration? Doegs

ala 4 RiaverarSIVIBIH

Sgeiiggdggelghy Sonig comyinaiion of lurinogity anc
STISTLYSEVOUTTTIONY
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Quasar 3C 273 HST » WFPC2, ACS

WEPC2 ACS/HRC L
NASA, A. Martel (JHU), the ACS Science Team, J. Bahcall {IAS) and ESA ST5cl-PRC0O3-03




L sysvsvysv_vv_t

-

Quasar Host Galaxies HST « WFPC2

PRC96-35a * ST Scl OPO * November 19, 1996
J. Bahcall (Institute for Advanced Study), M. Disney (University of Wales) and NASA
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Quasar space density (today=1)

N

A

0.4 0.6 0.8 1
Age of Universe (today=1)
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What do they have/ /

common? ///

Variability on short time scales 1mf>11u{ _na_l_
region 7 o

» R=cAt ~ 7-10 AU (for varlab”i ?y% slg geclee of nlotirs)
Highly luminous!

Most likely powered by b/
Schwarzschild I‘&dlllé) elolitls wynigrs tneg “gscage
el )i 1l e glaigic nole

velocity” equals the s é

of mass M: 7
+ Ry, =2GM/c? /////

Continum ém 101 POWELEU I
central bla/ck Jls, logicief gatenitiel gngrey, ngeti

S

G
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»
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G
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What are the components; of our/Ga) XV

Where are stars forming ini ou ebiay?
Where are the globular Clﬁét /

How big is our Galaxy?: /

Where is the Sun'é@p{ 101 11Tl

Why was the Sh/
Who helped JJ_I

e
//

-
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What is cluster main sequ% /

What are proper motions? /// 7/////
o

f

.  / 7 ///
What is parallax? W/
What arz some o',f/

[ fo elween spiraly

elliptical, and/i}/e/a/

p /
What ar/e/tﬁ/é{;// erent classification sChemese
How are they related? Ho

£ /7/8//1" area: HOW dle
>
What physical characteristics Eley eligrie) Tie oelecy
7/ ty ﬁ/ ”///
// / / b glsigelditg eleiggificeitiorn scnemes?

=

they different?

.
il
%
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7 /////

What do astronomers mean by the ILocal Gféﬁ/ :

Y
What kind of galaxies make up the o'u_'_.o?
y

| f ejellenaigsy

What type of galaxies make up Cl/}f

7/
What are quasars? What areé.g O CHETTS

properties? /_/// 7

L
What are Seyiert Galé/;(/%
v/

What are Radio/(;}/éld IES
 Z

7 . _ . 7 .
Are Seyfert’/'-md/ peleki) Crellenaias walatecl? [F 5o noyywy?

,//// )
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What are spiral arms?

What are the processes that we thinkn
spiral arms? When are th%r/j/{/a olicable:
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7 /////

How do we know that the Universe is expalfe/l// ; %

7

How do we measure this?

What is the Tully-Fischer relation?:
7
Can this be used with elliptical galaxies?.

/_/// 7
Can this be used with Sﬁyf/e i galaxies
5 7 i’ //////
What is superluminal motion?
P
What is gravitati é leaisgioef?
7

7
P
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What is the origin of large scale structire 1%1{
universe? //

What are some of the different metho
observing it? Of measuring it? ////

How is the Hubble parametei"/rfé{ ted to
expansion of the universe?’ /

What is meant by a raiaﬁa’l// eyl elejieal
matter dominated uﬁ)ﬁ/ se?

What are pecuh/{?v/ HESYE

Wiy are qué// [P0
umverse?

////
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